INTRODUCTION
The Rio Guanajuma area, located about 120km northwest of Santo Domingo ( Fig. 1) , the capital of the Dominican Republic, West Indies, was studied as a part of the "Cordillera Central Project" of Mitsubishi Metal Corporation, conducted by Misao Watanabe, one of the writers, from 1965 to 1970 (Watanabe et al., 1972 .
In order to outline a possible copper mineralized zone which had been suggested by stream sediment anomalies found in the Arroyo Ancho mid-stream, a tributary of the Rio Guanajuma, the area was mapped in detail and soil-sampled. The results revealed some remarkable anomalies which were later tested by diamond drilling. While those anomalies were mostly restrict ed to meta-diabase, the mineralization delineated by the drilling was too shallow in depth to warrant further study. It was decided eventually that the area be abandoned.
Aside from this, the meta-diabase aforementioned, usually altered to a green rock, is well characterized by large amounts of iron-titanium oxide minerals and small amounts of sulfide minerals.
The present study presents, in addition to the areal geology, features of the meta diabase with special emphasis on mutual relationships among those minerals in the light of texture and microprobe analyses of them.
GENERAL GEOLOGY
As shown in Figures 2 and 3, the area studied consists mainly of greenschist facies rocks of the Duarte formation of pre-Late Cretaceous age defined by Bowin for the central Dominican Republic (Bowin, 1966) . While its southern margin is in contact with a huge pluton of quartz diorite (Los Cabirmas-Jumco Pluton), the formation is intruded by small stocks of hornblende gabbro in the northern portion of the area at two locations. Both of these intrusives, (Manuscript received December 23, 1974) whose contact effects on the formation seem minor, are nowhere metamorphosed and deformed. From the facts in other parts of the Cordillera Central, their emplacements are considered to have closely been as sociated with the Laramide Orogeny. The metamorphic rocks are massive to moderately schistose greenstones, mainly composed of actinolite, chlorite, albite, and epidote. Among them, most prevailing in the area is actinolite-chlorite-albite schist intercalated sometimes with massive green stones of basaltic texture, while in the northernmost part of the area occurs amphi bolite facies rock. The latter, compared to the greenschist facies rock, is naturally of higher metamorphic grade which is probably due to an intrusion of foliated quartz diorite prior to later Cretaceous age (Watanabe, 1974) . Such an intrusion occurs to the north out of the present area shown in Fig. 2 . The boundary of the amphibolite facies rock with the actinolite chlorite-albite schist, therefore, would be isograd. The massive greenstones, on the other hand, represented in a large measure by meta-basalt, show in thin sections, calcic plagioclase laths, in some cases remnant only, together with large amounts of chlorite and epidote, and some amphibole, texture of which implies that they were originally basic lavas. Meta-diabase, a main subject of this article, occurs as a lenticular sill, 1.2km long and 0.5km wide, and up to 150m thick in the central portion of the area. The rock, grayish green to green in color and medium-grained, intrudes into the schist of greenschist facies. While its original texture has largely been obliterated, the rock consists of granoblastic aggregates of pale green amphibole (tremolite-actinolite series), albite, and epidote. A small amount of chlorite is also present. The mineralogy of the greenschist facies rock suggests that this sill was emplaced prior to the metamorphism of the Duarte formation. It is noted that the rock is very rich in such oxide minerals as magnetite and ilmenite, whereas no remarkable concentra tion of such minerals is observed in the meta-basalt.
As to mineralization found, the meta diabase is moderately disseminated with pyrite, and in parts with chalcopyrite and pyrrhotite. The soil anomalies disclosed over the rock seem to have closely been associated with such mineralization. View ing from the fact that most mineralization observed in the Cordillera Central is considered to have been related to the igneous activities of the Laramide stage (Watanabe, 1974) , mineralization associat ed with such an older rock is rather unique.
Though locally , somewhat complicated, geologic structure in general of the area is simple. Neither significant fault nor shear zone is present. From the geological rela tion between the actinolite-chlorite-albite schist and meta-basalt, it is assumed that most of the original bedding planes of the schist are expressed at present by its schistosity planes. And if so, the forma tion strikes chiefly NW-SE to NWW-SEE, which is quite coincident with the general trend of the Cordillera Central. While dips of the formation vary both in direction and angles due to folding, results of the diamond drilling indicate that the forma tion dips to the northeast at relatively gentle angles in the central portion of the area. Both geologic events and sequence of the area are summarized in Table 1 .
MINERALOGY AND CHEMISTRY OF THE OXIDE-RICH META-DIABASE
The meta-diabase on which attentions are focused here is characterized, as already mentioned, by an abundance of iron-titanium oxide minerals, most of which appear to be of magmatic origin as will be stated later. Because of intense deuteric and hydrothermal alteration, only amphi bole, calcic plagioclase, and oxides are found as primary igneous minerals, while subhed ral epidote as secondary mineral predom inates over quartz with wavy extinction and other minerals.
The opaque minerals observed in polished sections are both oxides (magnetite and ilmenite) and sulfides (pyrite, chalcopyrite, and pyrrhotite), details of which are as follows:
(1) Oxide minerals Magnetite occurs as subhedral separate individual grains up to 0.6mm in diameter, associated often with ilmenite and a minor amount of pyrite. Microprobe analyses of the mineral are given in Table 2 (Sp. 1-3 and 3-3). Of special interest is myrmekitic sphene present within magnetite grains as shown in Figure 4 -A. Such a phase occurs preferentially at the core of the grain. Also interesting is that, as is evident from Figure 4 -B, micro-intergrowth of ilmenite trends to concentrate toward the core.
Ilmenite is found, on the other hand, as discrete grains up to 0.7mm across, bor dered occasionally by magnetite and pyrite. Electron probe analyses of the mineral also are given in Table 2 (Sp. 2-4 and 3-1). In contrast to magnetite, ilmenite grains are, in most cases, rimmed or crosscut by sphene whose chemical composition is shown in Table 3 . As discussed later, observed in the ilmenite grains is a feature, very similar to what is described by Bergstl (1972) , resulting from break-down of ilmenite into various phases such as rutile, pyrophanite, and magnetite. Magnetite associated with rutile, differing from ordinary magnetite, is characterized by considerable anisotropism with somewhat higher reflectivity. Their chemical composition are presented in Table  4. (2) Sulfide minerals Among sulfide minerals, pyrite is most predominant. It occurs as sparse dissemina tion of euhedral to subhedral individual grains up to 0.3 mm in diameter, occasion ally, but is closely associated with sphene. This phase is of a cobaltian pyrite variety whose composition is shown in Table 5 . 
DISCUSSION OF RESULTS
(1) Magnetite with ilmenite micro-inter growth As shown in Figure 5 , ilmenite micro intergrowth, which appears to be exsolu tion-like lamellae, is often observed within Buddington and Lindsley (1964) on the system FeO-Fe203 TiO2 suggest, how ever, that the solubility of ilmenite in iron titanium spinel is too small to account for such an natural intergrowth by exsolution even at magmatic temperatures.
From thermodynamic and experimental data available, Verhoogen (1962) showed that partial oxidation of magnetite ulvospinel or of ulvospinel leads to forma tion of unstable or metastable y-phases, resulting in the intergrowth due to break down of such phases. Lindsley (1962) and Buddington and Lindsley (1964) , on the other hand, clarified that without such an intermediate step as titanomaghemite, ilmenite intergrowth can be formed from magnetite-ulvospinel solid solution by oxida tion.
Thus, while the question still remains on whether or not the intermediate step is present, micro-intergrowth of ilmenite in magnetite grains can be interpreted as an oxidation product of magnetite-ulvospinel solid solution, because of change in bulk chemical composition.
Micro-lamellae intergrowth of magne tite, on the other hand, was reported from quartz-rich norite at Sudbury, Canada (Gasparrini and Naldrett, 1972) . While Gasparrini and Naldrett attributed this to cation excess or oxygen deficiency in high gests an alternative explanation that cores of ilmenite were originally richer in Fe2O3, and therefore, were more susceptible to reduction. It follows that if cores of magnetite were originally rich in FeO, then they would be more susceptible to oxidation, forming as a result ilmenite intergrowth in the magnetite discussed.
(2) Association of rutile with magnetite in ilmenite As shown in Figure 6 , though not resolved in the photograph, and in Table 4 , very fine-grained rutile associated with "anisotropic" magnetite occurs in ilmenite grains. A number of such descriptions including Ramdohr (1969) have been published so far. Recently, a similar as semblage in jacupirangite was reported from Kodal, Norway (Bergstl, 1972 As described before, characteristic of the meta-diabase of the present area is the mode of occurrence of sphene by which both magnetite and ilmenite appear to have ex tensively been replaced. Sphene associated with ilmenite is quite similar both in occurrence and texture to the one from Upper Gabbro, while sphene with magnetite differs from that gabbro in respect that sphene always occurs somewhere between margin and core of the magnetite grains.
It is much possible that while the margin of magnetite grains had originally been depleted in CaO, SiO2, and TiO2 due to some as yet unknown process, sphene might be formed in the center of magnetite with a significant introduction of CaO, SiO2, and even TiO2. The fact that sphene becomes smaller in grain-size toward the margin is compatible with both this interpretation and the assumption of original enrichment of FeO in magnetite cores. In contrast, such a compositional zoning might not have been present in ilmenite grains, though the writers have no decisive reason for this yet.
In regard to genetical relations between sphene and sulfide minerals, it is noted that sulfides consisting predominantly of cobaltian pyrite are disseminated among silicate and oxide minerals of the host rock, as shown in Figure 7 . These sulfide minerals are closely associated with sphene as well, as is evident from the figure. From such intimate relations, it is suggested that both sulfides and sphene were formed almost simultaneously.
It would reasonably be assumed, there fore, that at some stage of diabasic magma consolidation, iron-titanium oxides were separated first, followed by formation of ilmenite-magnetite micro-intergrowth and rutile-magnetite-ilmenite association due to oxidation during or after cooling of the magma, and finally sulfide mineralization (pyrite-chalcopyrite-pyrrhotite) and forma tion of sphene took place.
While the writers are still limited to speculation, such a sulfide mineralization as discussed here might correspond to any of those associated with subplutonics in the Cordillera Central of the Dominican Rep ublic.
(4) Oxidation state during the formation of iron-titanium oxide minerals
In evaluation of the oxidation states and temperatures of crystallization of magma or of metamorphism, coexisting magnetite and ilmenite have played an im portant role (Buddington et al., 1963; Buddington and Lindsley, 1964; Carmi chael, 1967; Tsusue and Ishihara, 1974) . Lindsley (1963) determined experimentally the stability relations for the system Fe3O4 Fe2TiO4 and Fe2O3-FeTiO3 over a wide range of temperatures and controlled oxygen fugacities. Application of such experimental data to natural samples requires that coexisting magnetite and ilmenite were formed in equilibrium and the and Ishihara, 1974) . 5-6: Gabbros of Skaergaard strati form complex (Buddington and Lind sley, 1964) . 7-9: Volcanic rocks (Carmichael, 1967) . 10-11: Ore replacement of paragneiss (Buddington and Lindsley, 1964 Table 2 , and also plotted in Figure 5 , toge ther with some data from other geological occurrences (Buddington and Lindsley, 1964; Gasparrini and Naldrett, 1972; Tsusue and Ishihara, 1974) . The analytical results reveal that chemical compositions of the coexisting pair, characterized by low ulvospinel component, are very close to those of granitic rocks from Southwest Japan (Tsusue and Ishihara, 1974) . Exten sive development of sphene within magnetite grains or along the margin of ilmenite grains may give a reason why TiO2 content in both phases is low as compared with those in rocks of this kind. Assum ing that the present composition is slightly depleted in TiO2, oxidation state prevailing at the time when it was fixed would perhaps lie near the Ni-NiO oxygen buffer.
SUMMARY AND CONCLUSIONS
Meta-diabase occurs in the Rio Guanajuma area of the Cordillera Central of the Dom inican Republic as a member of regionally metamorphosed greenstones of pre-Late Cretaceous age, called the Duarte forma tion. The rock, intruding into schistose greenstones as a sill, is strongly altered and characterized by an abundance of iron titanium oxide minerals associated with some sulfide minerals.
From genetical point of view of those minerals, mineralogically interesting pheno mena of the rock are summarized below.
(1) Magnetite grains with ilmenite micro-intergrowth can be interpreted as an oxidation product from magnetite-ulvospinel solid solution, instead of an exsolution product.
(2) Association of rutile with mag netite in ilmenite grains can also be due to partial oxidation of ilmenite-rich solid solution which took place in the temperature 
